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TITLE 

Topical Wound-Healing Preparations 
Comprising Interleukin-1 Proteins 

BACKGROUND OF THE INVENTION 
The present invention provides topical therapeutic 
compositions for accelerating wound healing comprising mammalian IL-1 
proteins . 

Interleukin-1 (IL-1) refers to a family of polypeptides which 
are secreted by macrophages and certain other cell types in response 
to immunogenic and traumatic stimulation. IL-1 proteins have been 
associated with a complex spectrum of biological activities, and 
appear to play a primary role in initiating host response to injury 
and infection. IL-1 is a primary immunostimulatory signal capable of 
inducing thymocyte proliferation via induction of interleukin-2 
release, and stimulating proliferation and maturation of B 
lymphocytes. In addition, IL-1 has been linked with prostaglandin 
production, inflammation, and induction of fever. 

A review of the literature relating to IL-1 by Oppenheim et 
al., Immunol. Today 7:45 (1986), reported that "IL-1 has multiple 
effects on cells involved in inflammation and wound healing." As 
shown by the disclosures of the following references, IL-1 is known to 
stimulate proliferation of fibroblasts and attract cells involved in 
the inflammatory response. 

Postlethwaite et al. , J. Exp. Med. 155 :801 (1983) described 
experiments which indicated that IL-l-like molecules were capable of 
stimulating fibroblast proliferation in vitro and also the release of 
collagenase by cultured fibroblasts. 

Luger et al., J. Immunol. 131:816 (1983), Sauder et al., 
J. Immunol. 132:828 (1984), and several papers appearing in Kluger et 
al., eds., The Physiologic, Metabolic, and Immunologic Actions of 
Interleukin-1 , (Alan R. Liss, Inc., New York, 1985; hereinafter cited 
as "Kluger Symposium") describe factors derived from human epidermal 
cells, designated epidermal cell thymocyte-activating factor (ETAF) 
and leukocytic pyrogen (LP), which appeared to be biochemically 
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similar to IL-1. These factors vere active as chemoat tractants for 
polymorphonuclear (PMN) and mononuclear leukocytes (MNL) . Since many 
inflammatory skin conditions are characterized by infiltration of PMN 
and MNL into the dermis, the authors suggested that ETAF, and possibly 
IL-1, played a role in the pathogenesis of inflammatory skin diseases. 
Gahring et al. , in another paper published in the Kluger Symposium, 
supra, found measurable levels of ETAF in the strateum corneum, the 
outermost layer of the skin, and speculated that the presence of the 
factor in the strateum corneum provided a mechanism for immediate 
deposition of ETAF in a wound site and subsequent induction of 
inf lamination. 

Byars et al., Fed* Proc . 43:462 (1984) found that 
supernatants of guinea pig macrophage cultures stimulated vith muramyl 
dipeptide (MDP) vere capable of inducing proliferation of capillary 
endothelial cells. However, the authors did not demonstrate that IL-1 
in the culture supernatants was the mitogenic factor. 

Bevilaqua et al., J. Exp. Med. 160 :618 (1984) described 
experiments in which partially purified IL-1 preparations were shown 
to induce procoagulant activity in cultures of human vascular 
endothelial cells . 

Human IL-1 activity resides in two distantly related 
proteins, which are now known as IL-la and IL-10 (March et al., Nature 
315 :641 (1985)). Both molecules are normally synthesized as larger 
precursors having molecular weights of about 31,000 daltons, which are 
subsequently processed by proteolytic cleavage to yield mature forms 
having molecular weights of approximately 17,500 daltons. Although 
the proteins share only 26% homology, both molecules bind to the same 
cell surface receptor and in initial experiments appeared to possess 
coextensive biological activity. Recently, cDNAs coding for both 
human IL-1 species have been cloned and expressed in E^ coli , which 
has enabled production of sufficient quantities of IL-la and IL-10 for 
clinical evaluation. 

However, the clinical utility of direct IL-1 application in 
aiding the process of wound healing has never been established. Due 
to the diversity of biological activities which have been attributed 
to IL-1, and the lack of understanding of the role of such activities 
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in the healing process, the present state of the art does not allow 
one to predict whether IL-1 vould retard or accelerate wound healing 
if applied topically to the site of injury. 

It has now been found that IL-1 proteins are effective 
promoters of wound healing when applied to injuries in the form of a 
topical formulation comprising the protein. 

SUMMARY OF THE INVENTION 
The present invention provides topical compositions for the 
acceleration of wound healing in mammals, including humans, comprising 
a sufficient quantity of a mammalian interleukin-1 (IL-1) to promote 
wound healing, and a physiologically acceptable hydrophilic vehicle 
for application of the IL-1 to the site of injury* The present 
invention also includes the use of IL-1 for preparing a medicament for 
promoting wound healing in mammals, wherein the medicament is applied 
to a wound site. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIGURES 1A and IB are graphs showing IL-lct dose responses 

over a 5 day period, as measured by wound surface area and percent 

healing , respec t i vely ; and 

FIGURES 2A and 2B are graphs showing IL-lg does responses 

over a 5 day period, as measured by wound surface area and percent 

healing, respectively. 

DETAILED DESCRIPTION OF THE INVENTION 
The skin is the largest organ of warm-blooded organisms and 
provides a variety of critical homeostatic functions. When the 
structural integrity of the skin is compromised by a burn or 
laceration, a sequence of cellular events is initiated which generally 
results in closure of the wound and ultimately proliferation of new 
epidermal cells at the site of injury. 

The first stage in wound healing involves closure of damaged 
blood vessels and platelet aggregation at the site of vascular damage. 
Coagulation of plasma fibrin, fibrinogen, fibronectin, other plasma 
and dermal proteins, proteoglycans and glycoproteins provides a solid 
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substrate in the vound site- A second stage involves inflammation 
produced by the action of leukocytes and macrophages in the region of 
the wound, which remove bacteria and damaged cells, and which are also 
thought to secrete various soluble factors to aid in the regenerative 
process. The actual reconstruction of tissue at the wound site is 
initiated by fibroblasts, which adhere to the wound site, proliferate, 
and secrete collagen which is cross-linked to provide a structurally 
stable foundation for further healing. In mammals, the final stages 
of wound healing are accomplished by the mobilization of epidermal 
cells at the edges of the defect and their migration across the viable 
tissue in the site. Once the defect is covered, there is a process of 
differentiation, whereby the epithelial cells synthesize keratin and 
ultimately re-establish the structure of the epidermis. 

There are a number of chronic or intractable wounding 
conditions which suggest a need for improving wound healing 
technologies. For example, methods of increasing the rate of healing 
of burns, chronic bedsores, ulcerative skin conditions, and other 
dif f icult-to-heal wounds would be of great interest to the practice of 
veterinary and human medicine. There are also disease states, for 
example, diabetes, which are marked by a retardation of natural 
wound-healing ability. 

Current concepts in wound healing technology stress the use 
of moist, semiocclusive dressings during the initial stages of wound 
repair. Occlusion of a wound by applications of a polyethylene or 
polyurethane film keeps the wound moist while permitting gas exchange. 
Generally, the rate of epidermal healing is increased while pain is 
reduced. 

With the advent of biotechnology and new methods for 
producing hormones and growth factors, a search has begun for growth 
factors which are useful in promoting wound healing. Among the 
factors which have been reported to be potentially beneficial wound 
healing promoters are transforming growth factor beta (TG?-f3) , 
epidermal growth factor (EGF), angiogenesis factor, and fibroblast 
growth factor (FGF). However, the actual effectiveness of such 
factors in clinical practice is only now being evaluated. 

In accordance with the present invention, wound dressing 
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compositions are formulated vhich comprise biologically effective 
quantities of interleukin-1 proteins in admixture with inert, 
hydrophilic vehicles, for example, aqueous gels. Such vehicles 
provide a means for applying the IL-1 to the vound site, provide a 
temporary reservoir of IL-1 at the vound site, and keep the vound site 
continually moist. 

Either IL-la or IL-lp proteins may be used to prepare a 
medicament for providing vound healing in a mammal, including a human. 
IL-1 proteins are applied to the vound site in amounts effective in 
promoting vound healing. The vound healing compositions of this 
invention may comprise from 50 pg to 50 yg IL-1 (a or 0) per gram of 
vehicle, preferably from 50 ng/g to 500 ng/g. A beneficial effect can 
be found at very lov levels of IL-1, although greater quantities can 
be incorporated into particular formulations to account for protein 
degradation during formulation or storage. 

Generally, IL-1 (IL-la, IL-13 or both) may be effectively 
applied to a vound site to provide 5 day cumulative doses of IL-1 
ranging from about 0.2 ng to about 1 yg/cm 2 vound surface area. 
Specifically, IL-la or IL-1 3 may be applied to the vound site to 
provide the folloving 5 day cumulative doses (listed in increasing 
order of preference): about 2 ng to about 500 ng, about 20 ng to about 
400 ng, 50 ng to about 300 ng per cm 2 of vound surface area. 
Similarly, IL-la and IL-1(3 may be combined and applied to the vound 
site to provide the folloving 5 day cumulative doses (listed in 
increasing order of preference): 1 ng to about 250 ng IL-la and 10 ng 
to about 200 ng IL-13 per cm 2 vound surface area, 25 ng to about 150 
ng IL-la and 1 ng to about 250 ng IL-13 per cm 2 vound surface area, 10 
ng to about 200 ng IL-la and 25 ng to about 150 ng IL-13 per cm 2 vound 
surface area. Vound surface area is the area defined by the perimeter 
of the vound, and can be estimated by multiplying the length and vidth 
of the vound. More accurate measurement of vound surface area can be 
obtained by use of a planimeter (Houston Instruments). 

Doses vill vary depending on the depth or type of vound. 
Although deeper and more severe vounds vould normally be expected to 
require higher doses of IL-1, lover doses may be used on vounds 
characterized by damaged vasculature. Doses vill also vary depending 
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on whether the health of the individual being treated is normal or 
impaired. Impaired individuals, for example, include those with 
chronic bedsores, ulcerative skin conditions, diabetes or other 
metabolic diseases, and those who are aged, malnourished, 
immunodef icient , are undergoing corticosteroid or chemotherapy 
treatment, or who abuse chemical substances. It is anticipated that 
such individuals vith impaired health will require higher doses of 
IL-1 to treat wounds and that the individual will be treated for 
relatively longer periods of time. 

Examples of suitable aqueous inert vehicles for use in 
formulating the compositions of the invention include collagen, 
carboxymethyl cellulose, hydroxyethyl cellulose, or other cellulosic 
compounds, or gels prepared from a mixture of polyethylene glycols. 
Due to the requirement for biocompatibili ty and absorption of the gel 
by intact or damaged skin, suitable compounds for vehicle formulation 
will generally be cellulosic derivatives. A variety of long chain 
compounds are commercially available in a range of viscosities for 
this application. Vehicle components can be sterilized by autoclaving 
prior to formulation. IL-1 solutions are preferably sterilized by 
gamma irradiation (1.5 mrads). 

A variety of additives may be' incorporated into the 
compositions of the present invention, provided that they do not 
deleteriously affect IL-1 biological activity. Stabilizers or 
preservatives, such as mixtures of methyl and propyl parabens, are 
useful in preventing adventitious microbial contamination during 
formulation and storage. Antioxidants such as BHT, BHA, or others may 
be useful in precluding degeneration of IL-1 proteins in the final 
formulation. Protease inhibitors such as a-antitrypsin inhibitor, 
c^-macroglobulin, soybean trypsin inhibitor, phenylmethylsulf onyl 
fluoride, various halomethyl ketone peptidyl compounds, or mixtures 
thereof, may be useful in preventing degradation by proteolytic 
agents. Chelating agents such as EDTA may be employed if the final 
product is stored in metal tubes, in order to reduce the possibility 
of reaction of the active interleukin-1 ingredients vith metal ions. 
Dyes also may be added to IL-1 protein mixtures before they are mixed 
with the gel. To assure product homogeneity, the gel is mixed until a 
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uniform absorbance at the dye's absorbance peak is achieved. This 
avoids the need to conduct relatively cumbersome biological assays for 
the small quantities of IL-1 proteins present in the final product. 

Sources of Recombinant In terleukin-1 Proteins 
As used herein, "interleukin-l M , "recombinant interleukin-l H , 
"IL-1" and "rIL-1" refer collectively to mammalian IL-1 proteins 
having amino acid sequences substantially identical to those of native 
mammalian forms of IL-la and IL-10, and which possess biological 
activity in common with the native forms. Substantial identity of 
amino acid sequences means that the sequences are identical or differ 
by one or more amino acid alterations (deletions, additions, or 
substitutions) that do not cause an adverse functional dissimilarity 
between the synthetic protein and the native form. Preferably, 
recombinant forms of mammalian IL-la and IL-1(3 proteins are employed 
in formulating the compositions of the invention. Such recombinant 
proteins can be conveniently produced by microbial fermentation 
processes, for example, in Saccharomyces or preferably in coli , as 
described below. 

Mature human IL-la and IL-1 3 can be expressed in coli 
under the control of the phage X P L promoter and cI857ts thermolabile 
repressor. Expression plasmids for rIL-lcc and rIL-10 production can 
be constructed from plasmid pPLc28 (ATCC 53082), plasmid pKK223-3 
(available commercially from Pharmacia Fine Chemicals, Uppsala, 
Sweden) and plasmids containing IL-la clone 10A (March et al., supra; 
ATCC 39997) and IL-lg clone IL-1-14 (ATCC 39925) as follows. 

To create an expression vector for IL-la, a 3' portion of the 
IL-la gene, extending from Ser 113 (nucleotides 337-339) to Ala 271 
(nucleotides 811-813), is inserted into expression vector pPLc28. 
This is achieved by excising a 499 base pair Alul-Ndel fragment from 
the 10A clone, to which the following synthetic oligonucleotide linker 
is joined: 

AATTCTAGGATAATTA ATG TCA GCA CCT TTT AG 
GATCCTATTAAT TAC AGT CGT GGA AAA TC 

This linker includes Alul and EcoRI termini, a ribosome binding site, 

and an ATG initiation codon in addition to the IL-la Ser 113 -Ser 117 
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sequence. pPLc28 is then digested to completion vith Eco RI and Ndel, 
and the resulting larger fragment isolated by agarose gel 
electrophoresis . The linker, 10A clone, and plasmid fragments are 
then fused using T4 ligase to provide an expression plasmid denoted 
pILct. Additional details of the construction of pILPa can be found in 
the disclosure of published European Patent Application 188,864, the 
relevant disclosure of which is incorporated by reference herein. 

The resulting construct is then employed to transform coli 
strain flHl (ATCC 33767; Castellazi et al. f Molec. gen. Genet. 117:211) 
to ampicillin resistance, using standard techniques. To express the 
plasmid-borne IL-la gene, cultures of transformed AH1 are grown in 
L-broth without ampicillin. When the cultures reach an A 720 of about 
0.5, the culture temperature is raised to about 42°C to promote 
derepression of the therraolabile PL promoter. After one hour at 
elevated temperature, cells are harvested by centrif ugation and 
flash-frozen in a dry-ice/methanol mixture. 

Recombinant human IL-1£ can be produced using another 
plasmid, herein designated pILPg. This vector is assembled 
from pILPc (March et al., supra), which is constructed by replacing 
the Bam HI/ Eco RI fragment of pKK223-3 with a Sau3A/EcoRI fragment from 
pPLc28 containing the X PL promoter. This plasmid is digested to 
completion with Eco RI and Pst I, and the largest fragment then ligated 
to (1) a 669 base pair Hpall/PstI fragment from pIL-1-14 (ATCC 39925) 
containing the human IL-13 gene (Ala 117 to C00H terminus encodes 
active protein) and (2) the following Eco RI/ Hpa l synthetic 
oligonucleotide: 

AATTCTAGGATAATTA ATG GCA CCT GTA CGA TCA CTG AAC TGC ACG CTC 

GATCCTATTAAT TAC CGT GGA CAT GCT AGT GAC TTG ACG TGC GAG GC 

Plasmid pILPg is then used to transform E^ coli HI or other 
cells containing a thermolabile repressor of P L transcription. 
Following growth to A 7 2 0 of about 0.5, expression of the rIL-13 gene 
is obtained by heat induction as previously described. rIL-lg 
activity, as in the case of rIL-la, can be identified using the 
thymocyte mitogenesis or IL-1 conversion assays cited above. 

Recombinant human IL-1 proteins can be isolated from crude 
bacterial extracts by acid extraction in appropriate buffers. Cells 
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can be disrupted by any convenient method, including freeze-thav 
cycling, sonication, mechanical disruption, or use of cell lysing 
agents. Preferably, the acid-mediated extraction step for rIL-la is 
conducted in an aqueous buffered medium having a pH from about 2.0 to 
about 3.5, and most preferably, at a pH from about 2.6 to about 3.0. 
In the case of rIL-lp, the acid extraction step is preferably 
conducted at a pH from about 3.5 to about 4.5, and most preferably, at 
a pH from about 3.7 to about 4.1. 

To complete purification, the initial acid extraction step is 
followed by chromatography in aqueous media. This part of the 
purification process may include an initial ion exchange 
chromatography stage followed by affinity chromatography. The ion 
exchange stage comprises, in a preferred aspect, cation exchange 
chromatography followed by anion exchange chromatography. 

Suitable cation exchange chromatography media include various 
insoluble matrices comprising sulfopropyl or carboxymethyl groups. 
Sulfopropyl groups are preferred. The matrices can be acrylamide, 
agarose, dextran, cellulose or other ion exchange resins or substrates 
commonly employed in protein purification. A particularly useful 
material for cation exchange chromatography of rIL-la and rIL-10 is 
Sulphopropyl Sephadex C-25 (Pharmacia Fine Chemicals, Uppsala, 
Sweden). When media containing sulfopropyl groups are employed, 
extracts containing rIL-1 species are applied at a pH of about 4.0, in 
a suitable buffer such as sodium citrate. rIL-1 species are bound by 
the ion exchanger, and can be eluted in more highly purified form by 
application of a weakly basic eluant, for example, 10 mM Tris-HCl, pH 
8.1. 

Suitable anion exchange chromatography media include various 
insoluble matrices comprising diethylaminoethyl (DEAE) or diethyl- 
<2-hydroxypropyl)aminoethyl (QAE) groups. DEAE groups are preferred- 
The matrices can be acrylamide, agarose, dextran, cellulose or other 
types commonly employed in protein purification. A particularly 
useful material for cation exchange chromatography of rIL-la and 
rIL-ie is DEAE-Sephacel (Pharmacia). When media containing DEAE 
groups are employed, extracts containing rIL-1 species are applied at 
a weakly basic pH. For example, the pooled rIL-l-containing fractions 
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resulting from the previous cation exchange chromatography step (at a 
pH of about 8.1) can be applied directly in a suitable buffer such as 
Tris-HCl. rIL-1 species are bound by the anion exchange media, and 
can be eluted in more highly purified form by application of a salt 
gradient in the same buffer. It has been determined that rIL-la 
elutes from DEAE-Sephacel at 0.17-0.22 M NaCl, and rIL-10 at 
0.075-0-155 M NaCl. Thus, gradients ranging from 0 to 600 mM NaCl and 
0 to 400 mM NaCl are useful in purifying rlL-lct and rIL-lg, 
respectively. 

The foregoing extraction and ion-exchange chromatography 
procedures are followed by affinity chromatography. For IL-lct, 
affinity media comprising pendant phenyl glycidyl ether groups such as 
Phenyl Sepharose CL-4B (Pharmacia) can be employed. rhIL-la is 
applied to such media in a solution containing about 0.5 to 0.7 M 
(preferably about 0.6 M) ammonium sulfate, in a suitable buffer at a 
pH of about 8.1, and then eluted vith a decreasing linear gradient of 
ammonium sulfate followed by buffer containing no salt. rhIL-la 
elutes from Phenyl Sepharose CL-4B at about 0.25-0.10 M ammonium 
sulfate. 

For the final affinity step for purifying IL-1 3, affinity 
media comprising pendant triazinyl red dye ligand groups such as 
Procion Red agarose (Bethesda Research Laboratories, Gaithersburg, 
Maryland U.S.A.) can be employed. Pooled fractions containing rlL-lg 
are applied to the dye-ligand media at a low ionic strength, e.g., 
less than 40 mM, in a suitable buffer such as 10 mM Tris-HCl. The 
media comprising bound rlL-lg is then washed with additional 
application buffer, and the desired protein eluted in a linear 
gradient of increasing salt concentration, e.g., 0 to 1 M NaCl. 
rIL-13 elutes from Procion Red at about 0.36-0.46 M NaCl. The 
resulting fractions can be concentrated by a final chromatography step 
on media containing pendant sulfopropyl groups. 

IL-1 activity in cell extracts and during purification can be 
assayed by either a thymocyte mitogenesis assay or an assay of IL-1 
induced IL-2 production, as described by Conlon, J. Immunol. 131 :1280 
(1983) and Kronheim et al., J. Exp. Med. 161:490 (1985). SDS-PAGE can 
also be employed to monitor purification progress, substantially as 
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described by Kronheim et al., supra. 

Example 1: Effects of Topical Application of 
Human Interleukin-1 upon Wound Healing in Mice 

The following experiment was designed to evaluate the effect 
o£ IL-1 on granulation tissue production and wound closure and to 
investigate potential modes of application. 

Forty female Swiss CB mice (Charles River Breeding Labs, 
Boston, MA) were used in this study. Mice were caged individually for 
a period of one (1) week prior to initiating the experiment and 
throughout the experimental period (4 weeks). These animals were fed 
a basal diet ad libitum and kept in a controlled (temperature 19-21°C, 
12 h light, 12 h dark cycle and 50% relative humidity) environment. 

Twenty mice were used to determine the effect of IL-la on 
granulation tissue production. In this approach, porous wound 
chambers were implanted in a wound site and examined later for 
cellular ingrowth. Vound chambers were made from Ivalon* sponges made 
of polyvinyl alcohol and formaldehyde. To implant the chambers, each 
mouse was anesthetized under light ether and a 3 X 3 cm square of 
dorsal skin swabbed with an antiseptic. A 1 cm incision was made in 
the dorsal neck skin. The sterile wound chamber was inserted 
subcutaneously , aligned paravertebrally , and the incision closed with 
two interrupted sutures. 

Twenty-four hours after subcutaneous implantation of the 
wound chambers, the 20 mice were divided into three (3) treatment 
groups. Group A received a 1 ml subcutaneous injection of the IL-la 
15 ng/ml in PBS buffer containing 1% bovine serum albumin (BSA). The 
agent was injected directly into the wound chamber. Group B wound 
chambers were injected with 1 ml of 60 ng/ml IL-lo-PBS-BSA solution. 
Group C chambers were injected with control solution in PBS-BSA 
buffer. The wound chambers were treated once only. 

Ten days after treatment, the mice were sacrificed and the 
wound chambers harvested and assayed histologically as follows. A 
four millimeter (4 mm) cylindrical portion of the wound chamber 
including its capsule were fixed in formalin and embedded in paraffin. 
Four micron sections were then stained and examined qualitatively for 
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the ingrowth of cells and connective tissue* 

Upon examination of sections from the 10 day-old wound 
chambers a clear difference could be seen between chambers treated 
with IL-la and control solutions. Chambers treated with the active 
agent had significantly more cellular infiltration than did control 
chambers. Only slight differences were seen between chambers treated 
with 15 ng and those treated with 60 ng of IL-la. The IL-la treated 
chambers had a much thicker capsule around the implant when compared 
with controls. There was also a significant difference in the amount 
of new connective tissue deposited within and throughout the chamber. 
Chambers treated with IL-la (at either concentration) displayed 
significantly more connective tissue accumulation than did control 
specimens. 

In a second experiment, mice were anesthetized and prepared 
for surgery as described previously. Two full thickness skin wounds 
were made with a 6 mm biopsy punch on each experimental animal. The 
animals were divided into four 4 groups and treated as follows: Group 
A had one wound treated with 15 ng of the active agent in a PBS-BSA 
buffer solution and the other wound treated with a control solution 
consisting of buffer only. Group B had one wound treated with 60 ng 
of IL-la in a PBS-BSA solution and the other treated with control 
solution only. Group C had one wound treated with 60 ng of the active 
agent blended in a hydrophilic vehicle (Aquaphor R , Biersdorf Inc.), 
and the other wound was treated with the vehicle and the control 
solution. Group D mice had one wound treated with the hydrophilic 
vehicle alone (Aquaphor R ) while the other wound remained untreated. 

All wounds were dressed after treatment with co-polyester 
film backed with a pressure sensitive adhesive (Co-Film R ) dressing 
(Chesebrough-Ponds Inc.). Vounds were only treated once. All wounds 
were evaluated every other day by serial photography and wound closure 
measured by planimetry. All data was evaluated using the Student's 
t-test for paired comparisons. 

The effect of IL-la on the rate of wound closure varied with 
respect to whether the protein was presented in the hydrophilic 
vehicle or not. Vounds treated with IL-la (60 ng) in the hydrophilic 
vehicle (Group C) closed more rapidly than did wounds treated with a 
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vehicle-only control. Statistical significance (p 0.05) between 
healing rates of wounds treated with IL-la in the hydrophilic vehicle 
(Group C) and those treated with the hydrophilic vehicle only was 
achieved on day 12 and day 15 after wounding. Wounds treated with 
IL-la at either 15 ng or 60 ng (A or B) in a PBS-BSA vehicle healed 
somewhat more slowly than wounds treated with the hydrophilic vehicle 
only during the entire course of the experiments although the 
difference was not statistically significant. No significant 
differences were seen between the healing rates of wounds treated with 
IL-la in a PBS-BSA buffer alone and untreated controls (Group D) . 

The wounds treated with the active agent or the control 
solution in a PBS-BSA buffer healed. more slowly than did wounds that 
were kept moist by treatment with the hydrophilic ointment base. The 
wounds treated with the aqueous base vehicle (PBS-BSA) with or without 
IL-la were dry 24 hours after the film dressings were removed. In 
contrast, the wounds treated with the ointment base remained moist for 
a longer period of time. A dry crust developed on the wounds treated 
with the aqueous vehicle. This thick eschar remained on the wound 
throughout most of the healing period. The ointment treated wounds 
(with or without IL-la) had a thinner, softer eschar which was 
sloughed between day 9 and day 12 after wounding. 

Overall, wounds treated with IL-la in the hydrophilic 
ointment base were re-epi thelialized approximately 6 days before the 
other treatment groups. 

Example 2: The Effect of Topically Applied Human 
Interleukin-1 on the Healing of Partial Thickness Wounds in Pigs 

This single blind in vivo study was designed to evaluate the 
effect of topically applied hydrophilic gels containing IL-la and 
IL-13 on the healing of partial thickness wounds. 

Bulk concentrations of rhIL-la and rhIL-10 were formulated in 
a topical gel containing carboxymethyl cellulose and propylene glycol. 
The IL-l/buffer solution was aseptically added to the gel using an 
Eppendorf pipetter under a laminar flow hood. The gel was then 
stirred with a Teflon spatula for approximately 3 seconds. Plungers 
were removed from sterile 5 ml plastic syringes, and the gel was 
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dispensed into these syringes from the top. The plungers were then 
replaced. All processing was done aseptically and in a laminar flow 
hood. Appropriate dilutions of the IL-la and IL-lg vere made and 
aliquots vere added to the gel to make the following concentrations 
(weight protein/weight gel): 

IL-la 40 ng/g (1) 

200 ng/g (2) 
2 yg/g (3) 

IL-10 40 ng/g (4) 

200 ng/g (5) 
2 yg/g (6) 

Six young Yorkshire pigs weighing approximately 10 kg each 
vere fed a basal diet ad libitum and housed individually in a facility 
under controlled conditions (19-20°C, 12 hr light, 12 hr dark cycle, 
65X relative humidity). Each animal was clipped with standard animal 
clippers. The skin on both sides of the animal was prepared for 
vounding by vashing with sterile saline. The animals vere 
anesthetized using pentobarbital sodium (Nembutal 11 sodium 12/mg/kg 
i.p.) and approximately 120 wounds measuring 7 x 10 mm and 0.3 mm deep 
were made in the paravertebral and thoracic area with an 
electrokeratome as described in Alvarez et al- , J. Plast. & Reconstr. 
Surg. 59:284 (1982). The wounds were separated from one another by at 
least 15 mm of normal skin. 

The wounds on each animal were divided into 8 groups and 
treated as follows: control (no treatment), vehicle gel (placebo) and 
six treatment groups including 40 ng/g, 200 ng/g and 2 yg/g 
recombinant human IL-la and 40 ng/g, 200 ng/g and 2 yg/g recombinant 
human IL-13. At least 2 cm of normal skin separated each of the 
treatment groups. Immediately after wounding, the wounds vere treated 
with 0.2 ml of the appropriate agent, assuring that the agent covered 
the entire wound. In order to rule out the possibility that wounds 
made in different anatomical regions might heal differently, the 
regions selected for each treatment were varied among animals. 

Each day after wounding (day 0) for a period of 6 days, 
several wounds and surrounding normal skin from each treatment group 



3NS0OCID- <WO 8905653A1J.* 



WO 89/05653 



PCT/US88/04488 



were excised at 0.5 mm using an elec trokeratome equipped with a 2 mm 
blade as described by Alvarez et al., Arch. Dermatol. 119 :222 (1983). 
The excised skin containing the wound site was incubated in 0.25% 
trypsin for 12-24 hours at 4°C to separate the dermis from the 
epidermis. The epidermal migration was assessed as described by 
Alvarez et al., J. Invest. Dermatol. 81:144 (1983). Briefly, this 
method is a macroscopic examination of the separated epidermis for 
defects. Defects are visualized as holes in the separated epidermal 
sheet or as a lack of epidermal continuum in the area that contained 
the wound. The wound is considered re-epithelialized if there are no 
defects in the epidermis and not re-epithelialized if there are one or 
more defects. 

All of the data were statistically analyzed using Students' 
t-test as described in Alvarez et al. , Arch. Dermatol. 119:222 (1983). 
Probit analysis was performed according to the method of Zar as 
described in Alvarez et al., J. Invest. Dermatol. 81:144 (1983). 

The data indicated that IL-13 at 2 yg/g of gel increased the 
healing of partial thickness wounds by 44% over untreated and 30% over 
vehicle treated wounds. In addition, IL-13 at both 40 ng/g of gel and 
200 ng/g gel also significantly accelerated the healing rate of the 
wounds (for example, 33% over untreated, 23% over vehicle treated at 
40 ng/g). Il-la provided similar, but quantitatively less, promotion 
of wound healing under the conditions tested. Finally, all wounds 
treated with a topical agent healed more rapidly than untreated 
controls which were left open to the air. The data obtained is 
indicated in Table 1, below, and all values are expressed as the 
number of specimens healed per total number of specimens examined at 
each point in time. The numbers in parentheses represent the percent 
healed. 
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Table 1: Effect of Hydrophilic Gels Containing 
rhIL-la and rhIL-lg on the Healing of Partial Thickness Wounds 



Number and Percent of Specimens Healed 



IL-lcc 




2 


Days After wounding 
3 4 5 




6 




40 ng/g 
200 ng/g 
2 ug/g 


0/10 (0) 
0/6 (0) 
0/7 (0) 


12/31 

0/26 

0/32 


(39) 

(0) 

(0) 


16/26 
11/23 
12/28 


(81) 
(43) 
(43) 


19/21 
20/24 
15/18 


(90) 
(83) 
(83) 


9/9 
11/11 
19/19 


(100) 
(100) 
(100) 


IL-1J3 






















40 ng/g 
200 ng/g 
2 Ug/g 


0/4 
0/7 
0/8 


(0) 
(0) 
(0) 


12/25 

8/20 

18/26 


(48) 
(30) 
(88) 


19/25 
19/30 
25/29 


(76) 
(63) 
(86) 


17/19 
20/20 
16/18 


(89) 

(100) 

(100) 


13/13 
8/6 
8/8 


(100) 
(100) 
(100) 


Vehicle only 
Untreated 


0/6 
0/3 


(0) 
(0) 


0/22 
0/15 


(0) 
(0) 


10/27 
3/30 


(49) 
(10) 


17/22 
7/15 


(77) 
(47) 


9/9 
14/19 


(100) 
(74) 



A comparison of the relative rates of healing between the 
treatment groups and the control groups is provided in Table 2, below. 
In Table 2, "HT50" represents the number of days required for 50% of 
the wounds to heal. 



Table 2: Comparison of Healing Rates of Untreated Wounds and 
Wounds Treated with Recombinant Human IL-la and IL-lg 

Relative Rate of Healing Compared to; 

Treatment HT50 (Days) Untreated (%) Vehicle Only (X) 

IL-la 

40 ng/g 3.5 +30 +13 

200 ng/g 4.1 +18 .3 

2 Ug/g 4.2 +16 -5 

IL-lp 

AO ng/g 3.1 +38 +23 

200 ng/g 3.5 +30 +13 

2 Ug/g 2.8 +44 +30 

Vehicle Only 4.0 +20 

Untreated 5.0 — -25 
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Example 3: Effect of Topical Application of 
Human IL-1 upon Wound Healing in Rats at Lov Dosages 
The following experiment vas a single blind study designed to 
evaluate the effect of IL-1 on vound closure and, more particularly, 
to investigate healing response at various dosages of IL-1. 

Thirty-five (35) specific pathogen-free, normal female Levis 
rats (Charles River Raleigh, Raleigh, NC) were used in this study. 
Rats were caged individually for a period of one veek prior to 
initiating the experiment and throughout the experimental period (one 
week). These animals were fed a basal diet ad libitum and kept in a 
controlled environment (temperature 19-21°C, 12 h light, 12 h dark 
cycle and 50% relative humidity). 

All rats were prepared for surgery by anesthetizing with an 
intraperitoneal injection of ketamine/rompun. The surgical area was 
shaved, washed with iodine soap, and rinsed thoroughly with a sterile 
saline solution. Sterile drapes, gloves and instruments were used to 
achieve a sterile field. 

Four full thickness incisional wounds (1*5 cm in length, 0.3 
cm wide and about 0.2 cm deep to the muscle fascia) were made with a 
#15 surgical blade on the dorsal skin of each experimental animal to 
create an elliptically shaped wound having a surface area of 
approximately 0.5 cm 2 . Wounds remained unsutured thoroughout the 
experiment. For purposes of quantifying IL-1 dose response by wound 
surface area, the surface area of each wound was estimated by 
multiplying maximum length and maximum width of the elliptically 
shaped wound. The wounds were separated from one another by at least 
2 cm of normal skin. 

For topical application of IL-1, a carboxymethylcellulose 
(CMC) gel was formulated as follows. 25 g of glycerol and 25 g of 
propylene glycal were mixed with 0.1 g of propyl-p-hydroxybenzoate and 
1 g methyl-p-hycroxybenzoate. 950 ml of sodium phosphate buffer (0.1 
M, pH 6.0) was then added to the mixture. The resulting solution was 
stirred until smooth and filtered through a 0.22 micron filter. 
30 g of autoclaved CMC was then added to the filtered buffer. The 
final yield of the CMC vehicle gel was about 1000 g. Purified sterile 
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recombinant human IL-la or IL-lg is added to aliquots of the CMC 
vehicle gel to a final concentration of 0.1 ng, 1.0 ng, 10 ng, 50 ng 
or 100 ng IL-la or IL-lg per 50yl of gel. 

Immediately after wounding, wounds were treated as follows. 
Control wounds were not treated. Placebo control wounds were directly 
treated with 50 ul of CMC vehicle gel alone. Test wounds were 
directly treated with 0.1 ng, 1.0 ng, 10 ng, 50 ng or 100 ng of either 
IL-la or IL-lg in 50 yl CMC vehicle gel at each wound site. Each 
wound was treated only once. 

The animals were divided into 7 groups of 5 animals each and 
treated as follows: Group A had two wounds treated with vehicle only 
and two wounds treated with 0.1 ng IL-la in vehicle. Group B had two 
wounds treated with 1.0 ng IL-la in vehicle and two wounds treated 
with 10 ng IL-la in vehicle. Group C had two wounds treated with 50 
ng IL-la in vehicle and two wounds treated with 100 ng IL-la in 
vehicle. Group D had two wounds which were untreated and two wounds 
treated with vehicle only. Groups E, F and G had wounds treated with 
IL-lg in the same concentrations as IL-la used to treat Groups A, B 
and C, respectively. In order to maintain a sterile field, wounds 
were covered with occlusive dressings comprising Telpha™ compacted 
gauze pads and an Op Site™ polyurethene adhesive covering. All 
wounds treated with IL-la or IL-lg had occlusive dressings. Only rats 
in group D, which had untreated and placebo treated wounds, were not 
covered with occlusive dressings in order to observe whether the 
absence of occlusive dressing had an effect on wound healing. 

Five days after treatment, the animals were sacrificed. The 
dressings were then removed from the wounds and the wounds were 
visually examined to qualitatively determine the effects of treatment 
upon wound healing as measured by percent healing compared to the 
original wound. Percent healing was measured by visually inspecting 
and rating each wound as 0%, 25%, 50%, 15% or 1002 healed, with 0% 
healing showing an open wound with no signs of healing and 100% 
healing showing a completely healed wound with re-epi thelialization 
observed without scab formation. Other criteria used to determine 
percent wound healing included wound color, wound surface area, 
indications of swelling or infection, and presence of granulation 
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tissue as observed from the exterior of the animal. Wound surface 
area was measured in the same manner as the original vounds were 
measured (described above) and the data was used to calculate the 
unhealed wound surface area. Thus, each wound was rated according to 
a visual estimate of percent healing and unhealed wound surface area. 

The resulting data were statistically analyzed using the 
Students' t-test as described in Alvarez et al., Arch. Dermatol* , 
119 : 222 (1983). Each treatment or control group consisted of 10 
wounds. The data is accordingly represented as the mean + SEM for 
n=10. 

The data obtained by measuring wound surface area after five 
days are represented graphically in Figures 1A and 2A. Figure 1A 
indicates that application of IL-lot resulted in significant wound 
healing (compared with placebo treated wounds) at the 10 ng dose, as 
measured by reduction in wound surface area. Figure 2A indicates that 
application of IL-lfJ resulted in significant wound healing (compared 
with the untreated wounds and placebo treated wounds) at the 50 ng 
dose of IL-10, as measured by reduction in wound surface area. The 
data shows that dosages of IL-la as low as about 1.0 ng and dosages as 
low as about 50 ng of IL-10 are effective in promoting wound healing. 

The data obtained by observing percent healing after five 
days are represented graphically in Figures IB and 2B. Figures IB and 
2B indicate that wounds treated with either 50 ng or 100 ng of IL-la 
or IL-10 healed significantly faster than placebo treated wounds. 

The foregoing embodiments of the invention are meant to be 
illustrative only and not limiting. Obvious variants or equivalents 
of the compositions actually disclosed herein would include various 
wound healing compositions comprising mutant or analog forms of IL-1 
proteins having similar biological activities, or wound healing 
compositions for veterinary use comprising appropriate quantities of 
IL-1 proteins of particular species, for example, bovine, porcine, 
equine, ovine, canine, or feline IL-1 proteins. In addition, dosages 
will vary depending on the depth or type of wound and on whether the 
individual being treated is normal or impaired. All such variants are 
considered to be within the scope of the following claims. 
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1. A topical composition for promoting wound healing in a 
mammal, including humans, comprising a quantity of a mammalian 
interleukin-1 (IL-1) which is effective to promote wound healing, and 
a physiologically acceptable hydrophilic vehicle for application of 
the IL-1 to a wound site. 

2. A composition according to claim 1, wherein the mammalian 
IL-1 is an IL-10 protein. 

3. A composition according to claim 2, wherein the 
composition comprises from 10 pg/g to 100 ug/g recombinant human 
IL-1 p. 

A. A composition according to claim 3, wherein the 
composition comprises from 50 ng/g to 500 ng/g recombinant human 
IL-1 p. 

5. A composition according to claim A, wherein the mammalian 
IL-1 is an IL-lct protein. 

6. A composition according to claim 5, wherein the 
composition comprises from 10 pg/g to 100 yg/g recombinant human 
IL-lo. 

7. A composition according to claim 6, wherein the 
composition comprises from 50 ng/g to 500 ng/g recombinant human 
IL-1 a. 

B. The use of IL-1 for preparing a medicament for promoting 
wound healing in a mammal, wherein the medicament is applied to a 
wound site. 

9. The use of IL-1 for preparing a medicament for promoting 
wound healing in a mammal, wherein the medicament is applied to a 
wound site to provide a 5 day cumulative dose of from about 0.2 ng to 
about lug IL-1 per cm 2 of wound surface area. 

10. The use of IL-1 according to claim 9, wherein the 
medicament applied to the wound site provides a 5 day cumulative dose 
of from about 2 ng to about 500 ng IL-1 3 per cm 2 of wound surface 
area. 

11. The use of IL-1 according to claim 10, wherein the 
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medicament applied to the wound site provides a 5 day cumulative dose 
of from about 20 ng to about 400 ng IL-10 per cm 2 of wound surface 
area. 

12- The use of IL-1 according to claim 11, wherein the 
medicament applied to the wound site provides a 5 day cumulative dose 
of from about 50 ng to about 300 ng IL-lg per cm 2 of wound surface 
area. 

13. The use of IL-1 according to claim 9, wherein the 
medicament applied to the wound site provides a 5 day cumulative dose 
of from about 2 ng to about 500 ng IL-lcc per cm 2 of wound surface 
area. 

14. The use of IL-1 according to claim 13, wherein the 
medicament applied to the wound site provides a 5 day cumulative dose 
of from about 20 ng to about 400 ng IL-la per cm 2 of wound surface 
area. 

15. The use of IL-1 according to claim 14, wherein the 
medicament applied to the wound site provides a 5 day cumulative dose 
of from about 50 ng to about 300 ng IL-la per cm 2 of wound surface 
area. 

16. The use of IL-1 according to claim 9, wherein the 
medicament applied to the wound site provides a 5 day cumulative dose 
of from about 1 ng to about 250 ng IL-la and about 1 ng to about 250 
ng IL-ip per cm 2 of wound surface area. 

17. The use of IL-1 according to claim 16, wherein the 
medicament applied to the wound site provides a 5 day cumulative dose 
of from about 10 ng to about 200 ng IL-la and about 10 ng to about 150 
ng IL-1 £3 per cm 2 of wound surface area. 

18. The use of IL-1 according to claim 17, wherein the 
medicament applied to the wound site provides a 5 day cumulative dose 
of from about 25 ng to about 150 ng IL-la and about 25 ng to about 100 
ng IL-1 3 per cm 2 of wound surface area. 
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